Hepatocellular carcinoma (HCC) is one of the most common and deadly malignant tumors in the world, especially in China. Follistatin-like protein 5 (FSTL5) is a member of the FSTL family, which is involved in cell proliferation, migration, differentiation, and embryo development. We aimed to investigate the function and underlying mechanism of FSTL5 in HCC. 
Therefore, it is of great importance to find novel diagnostic biomarkers and therapeutic targets for HCC.
Follistatin-like protein 1 (FSTL1, also known as FRP), FSTL3 (also known as FLRG), and FSTL5 compose the FSTL family. [7] [8] [9] Although the function of FSTL family proteins is not fully understood, they seem to take part not only in regulating physiological processes, such as cell survival, proliferation, differentiation, and organ development, but also in regulating carcinogenesis and metastasis. [10] [11] [12] [13] [14] [15] Hence, FSTL family members are considered attractive therapeutic targets and prognostic indicators.
FSTL5 was first discovered in adult and infant brain tissue in 1993, and it was partially sequenced. 9 Not until 2002 was the complete FSTL5 gene sequence submitted to the Mammalian Gene Collection Program (MGC). 16 FSTL5 is located on human chromosome 4q (mouse chromosome 3), and its 4867-bp cDNA encodes a 93-kD protein with 847 amino acid residues. 16 FSTL5 was suggested to denote poor prognosis in medulloblastoma, which suggests an oncogenic role for this protein. 17 Furthermore, Kim et al revealed that
FSTL5 mutations are associated with resistance to XPO1 inhibitors in KRAS-mutant lung cancer. 18 Recently, Zender et al demonstrated that FSTL5 is a potential tumor suppressor gene in HCC by in vivo RNAi screening. 19 Additionally, Zhang et al found that FSTL5 is downregulated and correlates with favourable prognosis in HCC. 20 In this study, to further investigate the potential clinical significance, FSTL5 expression was determined by immunohistochemistry staining in a liver cancer tissue microarray (TMA) and the correlation between FSTL5 and the prognosis of HCC patients was analysed.
Furthermore, we explored the biological effect and underlying mechanism of FSTL5 on HCC growth with proliferation assay, colony formation assay, flow cytometry, western blotting, and xenograft tumor model in vitro and in vivo. Our study would provide a novel therapy target and prognosis indicator for HCC.
| MATERIALS AND METHODS

| Clinical samples
Liver cancer TMA with survival data were purchased from Shanghai 
| Immunohistochemistry
Tissue microarray was analysed for FSTL5 expression by immunohistochemistry (IHC) according to the manufacturer's recommendations (Vector Lab Inc., Burlingame, CA, USA). The antibody used is anti-FSTL5 (Abnova, Taipei, TW, China).
Immunohistochemistry score was evaluated by two pathologists who were blinded to clinical information of the patients independently. The expression of FSTL5 was evaluated by Semi-quantitative analysis. IHC was scored according to both the proportion of positively stained cells and the intensity of staining. The proportion of cells was scored as follows: 0 (<5%), 1 (5%-25%), 2 (25%-50%), 3 (50%-75%), 4 (>75%). The intensity of staining was graded according to the following criteria: 1 (weak), 2 (moderate), 3
(strong). The final score was calculated as the product of the proportion of positive cells × the staining intensity score (range from 0 to 12) and was divided in 4 grades: -(score of 0, 1 and 2), + (score of 3 and 4), ++ (score of 6 and 8) and +++ (score of 9 and 12).
| RNA extraction and reverse transcription PCR
Total RNA from the cell lines and human tissues was extracted using 
| Quantitative PCR and Western blotting
Quantitative PCR (qPCR) and western blotting were performed as described previously.
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FSTL5 primers: forward 5′-AACAACT-CACGCTTCAAG-3′; reverse 5′-TGTATGCTCCAGTATCTTCA-3′. β-actin primers: forward 5′-TGGACTTCGAGCAAGAGATG-3′; reverse 5′-GAAGGAAGGCTGGAAGAGTG-3′. The following primary antibodies were used in the western blotting assays:Anti-FSTL5 antibody (1:1000; Sigma, St. Louis, MO, USA), β-actin (1:5000; Santa Cruz Biotechnology, Santa Cruz, CA, USA), proliferating cell nuclear antigen (PCNA, 1:1000; Santa Cruz Biotechnology), Cleaved Caspase-3 (1:1000;
Cell Signaling, Boston, MA, USA), Cleaved Caspase-8 (1:1000; Cell Signaling), Cleaved Caspase-9 (1:1000; Cell Signaling), Bax (1:1000; Cell Signaling), Bad (1:1000; Cell Signaling), Puma (1:1000; Cell Signaling), PBcl2(S70) (1:1000; Cell Signaling), P-Bcl2(T56) (1:1000; Cell Signaling). 
| Xenograft tumors in nude mice
| Caspase-3 activity assay
Caspase-3 activity was measured by determining the level of chromophore p-nitroaniline (pNA) after cleavage from the labelled substrate acetyl-Asp-Glu-Val-Asp p-nitroanilide (Ac-DEVD-pNA) using Caspase-3
Activity Assay Kit (Beyotime, Shanghai, China) according to the manufacturer's protocols. Collected cells were lysed with the lysis buffer followed by centrifugation (16 000 g for 15 minutes at 4°C). After that, the supernatant was transferred to pre-cooled centrifuge tube.
Caspase-3 activity was assessed following the proteolytic cleavage of Ac-DEVD-pNA. Samples absorbance were measured at 405 nm. 
| Statistical analysis
| RESULTS
| FSTL5 expression is downregulated in HCC tissues and cell lines
To These findings indicated that FSTL5 is downregulated in HCC.
| FSTL5 expression indicates favourable prognosis of patients with HCC at tumor node metastasis stage I/II
To explore the clinical significance of FSTL5 in HCC, survival analysis of TMA was conducted, which showed that FSTL5 expression indicated favourable prognosis in patients with HCC ( Figure 2A) . Moreover, FSTL5 expression was associated with tumor node metastasis (TNM) stage in patients with HCC (Figure 2B) . Therefore, we further studied the prognostic value of FSTL5 expression in patients with HCC at different TNM stages.
As shown in Figure 2C , FSTL5 expression was positively correlated with prognosis of HCC at TNM stage I/II (n = 95, P < 0.01) ( Figure 2C ), and there was no significant correlation with the prognosis of patients with HCC at TNM stage III/IV (n = 75, P = 0.43) ( Figure 2D ). Then, we found that FSTL5 expression level had no significant correlation with gender (n = 180), age (n = 179), liver cirrhosis (n = 180), and tumor number (n = 179) in HCC (Table 1) . Nevertheless, FSTL5 expression was significantly associated with tumor size (P = 0.0024), TNM stage (P < 0.0001), and histological grade (P = 0.0037) ( Table 1 ). The univariate and multivariate analysis of factors associated with overall survival of patients with HCC showed that FSTL5 also can be used as an independent prognostic factor (P = 0.003) ( Table 2 ). These findings suggested that FSTL5 could be an independent prognostic biomarker in HCC. Bcl-2 family proteins including pro-apoptotic proteins Bax, Bad, and Puma, and the anti-apoptotic protein Bcl-2 were also investigated.
FSTL5 downregulated the levels of the anti-apoptotic protein P-Bcl2
(T56) and P-Bcl2(S70), and upregulated the expression of the proapoptotic proteins Bax, Bad, and Puma in the mitochondrial pathway ( Figure 5B ). The caspase inhibitor Z-VAD-FMK effectively reversed the elevated Caspase-3 activity caused by FSTL5 overexpression in SMMC7721 cells and prevented FSTL5-induced apoptosis ( Figure 5C and D). The above results showed that FSTL5 promoted cell apoptosis in a caspase-dependent manner through regulating Bcl-2 family protein in HCC.
| FSTL5 recombinant protein promotes apoptosis and regulates Bcl-2 family proteins in a dose-dependent manner in HCC
FSTL5 was demonstrated as a secreted protein. 20 Thus, recombinant protein was used to treat the HCC cells and determine whether FSCTL5 induce HCC cells apoptosis with a exogenous manner. As shown in Figure 5A and B, in the presence of recombinant FSTL5
protein at doses of 0, 2, 4, and 8 μg/mL, the apoptosis rates of SMMC7721 cells were 1.89%, 4.21%, 8.39%, and 15.24% respectively, and apoptosis rates of Bel7404 cells were 2.6%, 6.22%, 10.33%, and 14.66%, respectively (n = 3, *P < 0.05, **P < 0.01, ***P < 0.001, Student's t test) ( Figure 6A and B). Western blotting
showed that different doses of FSTL5 recombinant protein increased the levels of Cleaved Caspase-3, -8, -9, Bax, and Bad, meanwhile decreasing P-Bcl2(S70) levels to varying degrees ( Figure 6C and D).
The above results showed that the FSTL5 recombinant protein promoted HCC cell apoptosis through regulating the caspase pathway and Bcl-2 family protein in a dose-dependent manner.
| FSTL5 inhibits HCC tumor growth in vivo
To examine whether FSTL5 expression affected HCC growth in vivo,
we employed a gain-of-function approach to study FSTL5 function in 
| DISCUSSION
FSTL family members show altered expression in cancer. FSTL1 was found to be downregulated in nasopharyngeal cancer 22 but upregulated in primary glioma. 23 The expression of FSTL3 in endometrial cancer is decreased at early stages, and increased in tumor capillaries. 24 Furthermore, FSTL3 was elevated in the liver cancer, 25 in invasive breast cancer. 26, 27 Whereas, in patients with endometriosis and ovarian cancer, FSTL3 mRNA expression is downregulated compared with levels observed in healthy people. 28 FSTL5 DNA copy number and protein was demonstrated to be reduced in most patients with HCC. 19, 20 In our study, we first determined the FSTL5 mRNA found that FSTL5 was positively correlated with the adverse prognosis of non-WNT/non-SHH medulloblastoma. 17 Zhang et al found that FSTL5 could promote HCC cell apoptosis by affecting WNT/β-catenin signalling in vitro. 20 In our study, we first studied the effect of FSTL5 on HCC growth both in vivo and in vitro and found that overexpressing FSTL5 could effectively inhibit the growth of HCC cells and HCC xenografts. Tumor growth is a complex biological process, and its main influencing factors are cell cycle, and apoptosis. 29 Therefore, to explore the mechanism of Excessive growth caused by cells evading apoptosis is an important cause of tumor occurrence. 29 Cell apoptosis mainly includes the extrinsic death receptor pathway and intrinsic mitochondrial pathway. 30 Extrinsic death receptor pathways are usually triggered by ligands of the TNF family's death receptors, including TNF, Fas ligands, and TRAIL. 31 The intrinsic mitochondrial pathway is usually regulated by Bcl2 family members, which leads to Caspase pathway activation by controlling mitochondrial membrane permeability and cytochrome c release following activation of Caspase-9. [32] [33] [34] [35] Both initiator caspases of the intrinsic and extrinsic result in their own autoactivation which further activates Caspase-3, the effector caspase. 36 Here, we studied the downstream signalling pathway of apoptosis. The overexpression of FSTL5 increased the levels of Cleaved Caspase-3, -8, and -9. Since FSTL5 can effectively activate important proteins in the caspase pathway, we speculated that FSTL5-mediated apoptosis may be caspase-dependent. Therefore, we used the pan caspase inhibitor Z-VAD-FMK to treat SMMC7721 cells overexpressing FSTL5 and found that Z-VAD-FMK could inhibit cell FSTL5-induced apoptosis. These results suggested that FSTL5-mediated cancer cell apoptosis occurs in a caspase-dependent manner. However, whether and how the intrinsic and extrinsic apoptosis pathways are involved in this process still needs to be determined in our future study.
Among the Bcl-2 family members, the balance between proapoptotic and anti-apoptotic members determines cell fate. 37 Bcl-2 responds to a series of apoptotic factors by inhibiting the release of mitochondrial cytochrome c, which can promote cell survival. 38 In the process of apoptosis induced by T lymphocyte glucocorticoids, Bcl-2 mutation at Thr56 or Ser87 can inhibit its anti-apoptotic activity. 39 The phosphorylation of Bcl-2 induced by interleukin 3 and JNK at Ser70 site is necessary to enhance anti-apoptosis activity. 40 Bax and Bad are important component of the process of inducing intrinsic apoptosis. 41, 42 Puma can bind to anti-apoptotic Bcl-2 family members to induce mitochondrial dysfunction and caspase activation. [43] [44] [45] [46] We found that FSTL5 lowered levels of the anti-apoptotic proteins P-Bcl2(T56) and P-Bcl2(S70) and increased levels of proapoptotic proteins Bax, Bad, and Puma with a exogenous manner.
Nevertheless, the mechanism underlying FSTL5 regulating Bcl-2 family proteins requires further study.
In summary, we found that FSTL5 was downregulated in HCC than influencing cell cycle. Our study suggested that FSTL5 is a potential target and molecular marker for the diagnosis, treatment, and prognosis predicting in HCC. However, a more detailed molecular mechanism remains to be elucidated in the further study. 
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